Background Evaluation of ≥12 lymph nodes after colon cancer resection has been adopted as a hospital quality measure, but compliance varies considerably. We sought to quantify relative proportions of the variation in lymph node assessment after colon cancer resection occurring at the patient, surgeon, pathologist, and hospital levels. Methods The 1998-2005 Surveillance, Epidemiology, and End Results-Medicare database was used to identify 27,101 patients aged 65 years and older with Medicare parts A and B coverage undergoing colon cancer resection. Multilevel logistic regression was used to model lymph node evaluation as a binary variable (≥12 versus <12) while explicitly accounting for clustering of outcomes. Results Patients were treated by 4,180 distinct surgeons and 2,656 distinct pathologists at 1,113 distinct hospitals. The overall rate of 12-lymph node (12-LN) evaluation was 48%, with a median of 11 nodes examined per patient, and 33% demonstrated lymph node metastasis on pathological examination. Demographic and tumor-related characteristics such as age, gender, tumor grade, and location each demonstrated significant effects on rate of 12-LN assessment (all P<0.05). The majority of the variation in 12-LN assessment was related to non-modifiable patient-specific factors (79%). After accounting for all explanatory variables in the full model, 8.2% of the residual provider-level variation was attributable to the surgeon, 19% to the pathologist, and 73% to the hospital. Conclusion Compliance with the 12-LN standard is poor. Variation between hospitals is larger than that between pathologists or surgeons. However, patient-to-patient variation is the largest determinant of 12-LN evaluation.
Introduction
Colon cancer causes over 50,000 deaths per year in the USA, and over 100,000 new cases are diagnosed annually. 1 Lymph node metastasis is a critical predictor of survival, and adequate ascertainment of lymph node status determines the use of adjuvant chemotherapy, which has been proven to improve survival. 2 Adequate harvest and evaluation of lymph nodes is therefore essential to accurately identify those patients most likely to benefit from chemotherapy. In fact, increased lymph node harvest has been reported to be independently associated with improved long-term survival after colectomy for colon cancer. [3] [4] [5] [6] The National Quality Forum (NQF), in collaboration with the American College of Surgeons, American Society for Clinical Oncology, and National Comprehensive Cancer Network, has endorsed the evaluation of at least 12 lymph nodes after colon cancer resection as a hospital quality surveillance measure. 7 Compliance with this 12-lymph node (12-LN) metric varies considerably, with only 44% of patients who underwent a colectomy in 2001 having 12 or more lymph nodes assessed. 8 The reason for the wide variation in compliance is poorly understood. Factors that influence lymph node assessment may relate to the patient, surgeon, pathologist, or hospital. At the patient level, variations in lymph node yield may be related to age, gender, or tumor characteristics such as stage, grade, or site of resection. [8] [9] [10] [11] Patient-related determinants of lymph node examination are important to understand in order to fairly apply and standardize any quality measures related to lymph node assessment. Although not well studied, factors related to the surgeon, pathologist, or hospital are of special interest because, unlike most patient-related factors, they may be modifiable. 12 Such data may also allow better targeting of hospital quality improvement efforts. The lack of provider-level data to explain the wide variability in compliance with the 12-LN standard has led some investigators to call its utility as a quality care measure into question. 13 One problem in understanding the variation in lymph node assessment is that detailed provider-specific operative or pathological data are typically not available in populationbased data sets. All retrospective studies are constrained by the variables available for analysis; some variation in outcome will inevitably remain unexplained by the finite number of variables included in explanatory models. A potentially useful approach, in addition to identifying individual variables that predict adequate lymph node assessment, is to quantify the relative proportions of the variation in lymph node assessment occurring at the patient, surgeon, pathologist, and hospital levels. Such an approach would allow targeting of quality improvement efforts at the appropriate level even when the relevant variables affecting care are not explicitly known. To our knowledge, no previous study has explicitly assessed variability at all of these levels. We sought to conduct such an analysis using the most recent available data from the Surveillance, Epidemiology, and End Results-Medicare (SEER-Medicare) database.
Methods

Data Source and Study Population
Using data from the 1998-2005 SEER-Medicare database, 14, 15 patients aged 65 years and older with Medicare parts A and B coverage undergoing curative-intent surgery for adenocarcinoma of the colon were identified. Patients with any previous cancer diagnosis, appendiceal tumors, and those with stage IV disease were excluded in accordance with NQF guidelines, 7 as were those receiving preoperative radiation therapy. The number of lymph nodes examined for each patient is reported by SEER, and patients reported as having either no lymph nodes (n=654) or an unknown number examined (n=505) were excluded. Treating surgeons, pathologists, and hospitals were identified using encoded Unique Physician Identification Numbers from Medicare claims. Mean annual colon cancer volumes were calculated for each provider using the same cohort used for analysis, and for descriptive purposes, providers were grouped into terciles such that an approximately even number of patients were in each group. Previous studies have demonstrated that use of SEER-Medicare-derived volumes is an acceptable approach that has little impact on volumeoutcome relationships for colon cancer, although some misclassification due to non-Medicare volume and SEER geographic boundaries does occur. [16] [17] [18] Statistical Analysis
All variables for analysis were chosen based on clinical plausibility and were force-entered into the final model. Multilevel logistic regression was used to model lymph node evaluation as a binary variable (≥12 versus <12) with a nesting structure of patients nested within surgeons, nested within pathologists, and nested within hospitals (with each level of correlation representing a "cluster"). Random intercepts at each level were included in the model, allowing for additional variation at each level that was not explained by variables included in the model. Cluster-level variances at each level were obtained from both null (i.e., no explanatory variables) and full (i.e., all explanatory variables) models, with the patient-level variance constrained to π 2 /3 (by definition for the logistic distribution). 19 These cluster-level variances were used to calculate the relative proportion of variance in lymph node assessment attributable to each level. To facilitate comparison with other explanatory variables, cluster-level variances were also expressed on the odds ratio (OR) scale using the median odds ratio, which quantifies the variation between clusters as the median value of odds ratios obtained by comparing sets of two patients from two randomly chosen, different clusters (e.g., two hospitals). 20 All tests of statistical significance were two-sided, and statistical significance was established at α=0.05. Statistical analyses were performed using the GLLAMM package 19 for Stata/MP 10.1 for Windows (StataCorp, College Station, TX, USA). This study was deemed exempt from review by the Johns Hopkins University School of Medicine Institutional Review Boards.
Results
Study criteria identified 27,101 eligible patients. Patient characteristics are presented in Table 1 , and tumor and operative characteristics are presented in Table 2 . Of note, the majority of colon resections were right colectomies (n=15,701, 58%), and only 7% of all colectomies were performed laparoscopically (n=1,886). The majority of tumors were T3 lesions (n=16,183, 60%), and 33% demonstrated lymph node metastasis on pathological examination. Provider characteristics are presented in Table 3 . The 27,101 patients in this study were treated by 4,180 distinct surgeons and 2,656 distinct pathologists at 1,113 distinct hospitals. The majority of colectomies were performed by general surgeons (n=23,349, 86%).
The overall compliance with 12-LN evaluation was 48% (n=13,003), with a median of 11 nodes examined per patient (Fig. 1a) . Based on empirical Bayes estimates, the median percent compliance with 12-LN evaluation at the 1,113 hospitals was 43% (Fig. 1b) . Rates of 12-LN assessment stratified by patient, tumor and operative characteristics, and provider characteristics are presented in Tables 1, 2 , and 3, respectively. The effects of these characteristics were assessed using a multivariable multilevel logistic regression model that explicitly accounted for correlations in 12-LN assessment among patients treated by the same surgeon, pathologist, or hospital (Table 4) . Demographic characteristics such as age, gender, and race demonstrated significant effects. Patients admitted to the hospital emergently rather than electively (OR 0.87, P< 0.001) and those who died in the hospital (OR 0.67, P< 0.001) had lower rates of 12-LN assessment. The type of colectomy had a pronounced effect (transverse versus right colectomy, OR 0.34, P<0.001), but there was no difference between laparoscopic and open approaches. The presence of any lymph node metastasis was associated with increased odds of 12-LN evaluation (OR 1.17, P<0.001).
Surgeon, pathologist, and hospital characteristics were also evaluated in the multivariable model (Table 4) . Colorectal surgeons had higher rates of 12-LN assessment as compared to general surgeons (OR 1.21, P=0.001).
There was a modest effect of surgeon volume (high volume In aggregate, the majority of the variation in the 12-LN assessment was related to non-modifiable patient-specific factors (Fig. 2a) . The modifiable provider-related variation in 12-LN assessment was then assessed in further detail (Table 5 ). In the null model that included no explanatory variables, 8.3% of provider-level variation occurred at the surgeon level, 18% at the pathologist level, and 74% at the hospital level (Fig. 2b) . Similarly, after accounting for all explanatory variables in the full model, 8.2% of the residual provider-level variation was attributable to the surgeon, 19% to the pathologist, and 73% to the hospital. These quantities were transformed to the odds ratio scale to allow more intuitive interpretation of their significance alongside the explanatory factors in the multivariable model (Table 4) . When viewed as median odds ratios, the surgeon-related Fig. 2 The majority of the variation in 12-LN evaluation was related to non-modifiable patient-specific factors (a). When the modifiable provider-related variation in 12-LN evaluation was assessed in further detail, 8% of provider-level variation occurred at the surgeon level, 18% at the pathologist level, and 74% at the hospital level (b) effect was analogous to an odds ratio of 1.30, the pathologist-related effect 1.49, and the hospital-related effect 2.18. In all cases, cluster-level variances were significantly different from zero (P<0.05), indicating that the surgeon, pathologist, and hospital exerted statistically significant effects on 12-LN assessment rates in addition to the effects accounted for by variables in our model.
Discussion
Colorectal cancer lymph node examination rates have been a topic of considerable study and, recently, much debate. 4, 8, 13, [21] [22] [23] Based largely on retrospective observational studies [3] [4] [5] [6] that noted an independent association between increasing lymph node count and long-term survival, the assessment of 12 lymph nodes after colon cancer resection has been endorsed as a hospital quality surveillance standard. 7 The use of lymph node count as a quality indicator has been criticized, however. 13, 21, 22 Because variation in lymph node count is multifactorial, targeting quality improvement strategies based on evaluation of lymph node count is problematic. 22 Variations in lymph node count have been noted at the patient, 8, 11, 24, 25 surgeon, 26, 27 pathologist, [27] [28] [29] [30] and hospital 6,21,31 levels, but no previous study has quantified variation at all of these levels simultaneously. Understanding the factors that contribute to the number of lymph nodes evaluated is critical to targeting improvements in lymph node evaluation and, by extension, patient outcome. However, the relative contribution of each factor and exactly what or who (i.e., hospital versus surgeon versus pathologist) is being evaluated when interpreting lymph node count remains ill-defined. Additionally, the use of a multilevel framework allows variation at different levels of care to be quantified even if the specific variables acting at these levels are not explicitly defined in the available data. The present study quantitatively assesses these relative contributions and demonstrates that differences in lymph node count are largely related to patient-level variation. When potentially modifiable provider-related variability is specifically examined, hospitallevel variation is much larger than pathologist-or surgeonlevel variation. These results suggest that while significant determinants of adequate LN assessment remain out of the control of providers, provider-related variation in 12-LN evaluation is largely a hospital-level phenomenon.
A wide spectrum of provider-related factors may influence the quality of patient care and help explain variations in quality of care. The Donabedian framework organizes such factors into those related to structure or process and relates them to outcome. 32 While conceptually useful, such a model belies the complex relationship between various structural factors such as case volume or hospital characteristics and process measures such as 12-LN assessment. Furthermore, no analysis of compliance with such process measures can exhaustively and explicitly identify all determinants of compliance. The use of population-based data, while allowing greater generalizability, further limits the variables available for analysis to those in the data set. For example, ascertaining whether a specific hospital had formally adopted an institution-wide quality-control program for 12-LN assessment was not feasible using SEER-Medicare data. In the present study, we addressed this issue by using a multilevel regression model that allowed us to characterize the variation at each level (patient, surgeon, pathologist, or hospital) without explicitly accounting for all the variables at that level. This approach allowed us to explore aspects of the variation in 12-LN assessment that have been inadequately studied by prior studies.
The relative contributions of surgeon versus pathologist in attaining the 12-LN count are one such ill-defined issue 23, 26 addressed by our analysis. Previous studies have suggested that differences in surgical technique or pathological examination may explain some of the variation in lymph node assessment. 30, 31, [33] [34] [35] [36] Rieger et al. 26 compared the lymph node yield after colon cancer surgery of a single high-volume surgeon who operated at two hospitals with separate pathology departments. In this study, pathology provider A had a median LN count of 10 compared with 19 for pathology provider B. Of note, following an intervention in the pathology protocol at hospital A, the median lymph node yield increased to 12. In the present study, 8.2% of the residual provider-level variation was attributable to the surgeon, versus 19% to the pathologist. Collectively, these data suggest that the pathologist can have a significant influence on the number of lymph nodes reported. It is important to note, however, that most of the Table 4 provider-related variation in lymph node count was not at the surgeon or pathologist level but rather at the hospital level (78%). In fact, the effect of hospital-level variation had a larger impact on 12-LN count than many other effects we studied, including surgeon and pathologist characteristics. The dominance of hospital-level variation does not imply that surgeons and pathologists have a less important role to play; we note that if a significant majority of surgeons or pathologists at a given hospital act cohesively as a group to improve lymph node evaluation, this would manifest as a hospital-level improvement. Some such hospital-level factors (e.g., teaching status, NCI designation) were explicitly accounted for in our analysis. Other such hospital-level factors were not identified in the SEER-Medicare data but were implicitly accounted for in the hospital-level variation. We speculated that these might include pathology departmentwide policies regarding adequacy of lymph node evaluation or insistence by surgeons at a hospital that final pathology reports include adequate lymph node review. Our analysis revealed that most of the modifiable (i.e., non-patient) variation in 12-LN assessment occurs on the hospital level as a functional unit. While others have noted that hospital characteristics such as NCI center designation may be associated with lymph node assessment, 37 these characteristics are likely proxies for hospital-level qualitycontrol measures. Such data suggest that certain hospitals may have a higher baseline level of quality that may be generalized across other areas of care throughout that institution. This concept is based on the belief that shared elements of structures and processes of care across certain individual hospitals may relate to overall performance. With this in mind, future quality improvement measures aimed at lymph node assessment may be better directed at the hospital level rather than individual physicians.
Previous studies have largely focused exclusively on either hospital-level 13, 21 or patient-level ("biology"-related) factors. 9, 11 Past studies, however, have not addressed the relative importance of hospital versus patient factors associated with lymph node count variation. In the present study, we quantified provider-related variation using median odds ratios, allowing intuitive comparison between explanatory variables and residual provider-related variation on the odds ratio scale. For example, the median effect on 12-LN assessment of residual hospital-to-hospital variation was analogous to the effect of a left versus right colectomy. As such, these data call into question the usefulness of the 12-LN standard as a hospital quality surveillance measure. The current formulation of this measure does not, for example, account adequately for variations in patient and tumor characteristics (such as tumor location). We noted significant variation in 12-LN evaluation related to patient-specific factors such as patient age, tumor location, tumor stage, and tumor grade, as have previous studies. 8, 9, 11, 22 However, unlike any previous study, we included specific patientand provider-level data in our explanatory model. In turn, we were able to demonstrate that individual patient-level variables exert larger effects on 12-LN assessment compared with provider-level factors, as the vast majority (78%) of residual variation was still attributable to patient-level factors even after accounting for all other variables in the model. As Baxter has noted, 22 achieving the goal of adequate and consistent staging using a benchmark assumes that lymph node count does not vary substantially between individual patients. We would suggest that if a benchmark is to be used in the presence of such patient-to-patient variation, the reporting standards should at least be sufficiently standardized as to insulate the measure from such case mix variation as much as possible. If the impact of patient-level variation on the number of lymph nodes evaluated is indeed as great or even greater than that of provider-level variation, as our analysis demonstrates, then quality measures such as the 12-LN benchmark need to be standardized with respect to the relevant patient and tumor characteristics. Our data, therefore, clearly call into question the use of 12-LN quality measure as currently formulated. Rather, our data strongly suggest that if the 12-LN benchmark is to be retained as a hospital quality measure, the guideline needs to extensively account for differences in patient case mix.
We acknowledge several limitations to our analysis. First, we focused on patients aged 65 years and older because of our reliance on Medicare data for this study. While we would expect compliance rates with the 12-LN rates to be higher in younger patients, we would not expect a priori that our conclusions regarding variation in compliance to be significantly different-however, other studies would need to verify this hypothesis. Second, in assessing provider-level variables, we were limited to those available in the SEER-Medicare data. However, this was a major reason that we used a modeling approach that allowed quantification of variability without needing to explicitly identify all important variables at each level. We also did not specifically examine the impact of laparoscopic versus open colectomy on 12-LN rates. Previously published randomized data, 38 however, have shown that the median number of harvested lymph nodes in laparoscopic versus open colectomy was similar. As such, these data suggest that the impact of increasing utilization of laparoscopic colectomy was unlikely to impact our findings. Finally, SEER data are based on a geographic sampling and as such do not guarantee representative sampling of hospitals and physicians with respect to the provider-level characteristics we evaluated. Again, other sources of data will need to be used to corroborate our findings.
In conclusion, overall compliance with the 12-LN evaluation standard after colon cancer resection is poor, although it has improved over time. While variation in lymph node count can in part be attributed to differences among pathologists and surgeons, the largest share of modifiable variation was found to be at the hospital level. Importantly, however, patient-to patient variation was much greater than that attributable to health care providers, both with respect to individual patient-specific factors and the residual variation after accounting for such variables. The 12-LN threshold may, in part, be a "quality" measure. However, our data strongly suggest that while some determinants of lymph node assessment are providerrelated, much of the variation in LN assessment is due to hospital and patient-level factors. As such, our findings suggest that the 12-LN hospital quality measure should be cautiously used and that its reporting should be more rigorously standardized.
